BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and are provided with free text boxes to elaborate on their assessment. These free text comments are reproduced below.
GENERAL COMMENTS
The aim of the manuscript was to investigate whether artificial turf was a risk factor for fifth metatarsal stress fracture in football players.
The authors have conducted and observational retrospective study using a computer-based survey that was administered to each participant together with their coach or physician. Although the study has been performed and presented with rigour, there are some concerns that need to be attentioned.
Minor concerns.
-The manuscript is fairly well written, however grammatical errors or incorrect wording can be found throughout the manuscript. e.g. page 20 line 46 "planter" or page 22 line 4 "lesser".
- Figure 2 -i would suggest to add further information in the legend to make it easier and more understandable to readers. I also suggest the addition of results from clay pitches and statistical values above the OR.
-References -this manuscript could help the discussion section "A Prospective Analysis of the Injury Incidence of Young Male Professional Football Players on Artificial Turf".
Major Concerns -The methods section states that the participants were age ranging 12 to 51 years old. Were the older people still competing? And did all the younger players had at least a two year playing history? -The questionnaire, as pointed out by the authors in the limitation section, could have generated a recall bias, this because each participant had to remember for each pitch, which turf he had played on in the last two years. On average a professional player in japan (j1) will play on 17 different pitches a year besides international matches, friendly games and training sessions, and this could have lead to a significant error in the hour retrieval. Since the main results are based on the frequency of different playing surfaces i would recommend to further attention such aspect in the manuscript.
-The BIAS control using a post questionnaire after a month with 50 participants is based on the procedure indicated in reference 17. The authors of ref 17 however based such procedure on two master thesis from the same research group. Is there any other validated procedure that could be used to control for recall bias ? -Is it correct that no semi-professional or professional athlete had a MT-5?
-Didn't the questionnaire assess other injuries that could have been linked with MT5? e.g. correlations between a strain on the hamstrings ( that could lead to dysfunctions of the peroneal muscles) and the overuse of the fifth metatarsal bone? - Table 3 , if my interpretation is correct, MT5 occurs when people play on artificial turf more than 80% of time whereas MT5 is more prevalent on clay field when they play there the least (21-40%). This would suggest other conclusion. 
Thanks

REVIEWER
GENERAL COMMENTS
The aim of this study was to investigate the association between the type of playing surface (artificial turf vs. clay) and the risk of fifth metatarsal stress fracture in football (soccer) players aged from 12 to 51 years, playing in clubs of different levels of competition. In my opinion, it is a topic that fits with the interests of the readership of BMJ Open Sport & Exercise Medicine. Nevertheless, I have some concerns related to the methods used that preclude the manuscript from being published in its present form. It seems that the authors have access to players' exposure in playing hours. Therefore, I suggest that they consider using incidence rate ratios to evaluate the risk of injury. There are many limitations in using the proportion of time exposed to a specific playing surface. For example, two players with the same characteristics (ex.: age, sex, BMI, level of play…) could play 20% of the time on the same surface. But, the number of hours of exposure to this surface could be significantly different between these two players. This makes the interpretation of the results difficult. The 24 months recall period is also an important limitation. The authors should be more convincing on the validity of their data. In their analyses, the authors controled for many possible confounding variables. This is a strength of their study. But, it is not clear to me if the history of previous injury was controlled for in the analyses. It is also not clear to me which method they used to account for potential team clustering of outcomes. I suggest they consider using Generalized Estimating Equations. This would improve the strength the data analyses. I also have some specific comments, which I hope will contribute to the improvement of the manuscript. Specific Comments For the North American readers as myself, if it is possible, I suggest to state somewhere early in the text that the sport of interest here is football, as soccer. It could just be by adding soccer between parentheses after football once in the text. Just to reduce possible confusion. 
The paper investigates if there is an association between playing football on artificial turf and fifth metatarsal stress fracture (MT-5). The authors find an association not only with playing on artificial turf, but also with length of time played on artificial turf. Generally, this is a well written and interesting paper. However, I have a few suggestions which I believe will improve the statistical analysis and make the results clearer. 1. Because you measured both risk factors and MT-5 during the same 24 months, you cannot infer causality from your findings. Some of these players may have had a fracture at the beginning of the 24 months which affects how they play football. The players with fracture should have information recorded before the fracture. If you can not obtain this information, then you should change the way you report your results to say there is an association, but we can't say which direction. 2. Please explain in the methods section why you only included MT-5 in the previous 24 months. It seems a shame to restrict the time because only 87 participants had a history of MT-5 and you are only including 41 of those in your analysis. I assume you included the 46 with MT-5 longer than 24 months in the non-MY-5 group. Is it reasonable to assume they have the same risk as the non-MT5 group? After having a fracture, players may choose to be more cautious and play on grass instead of clay.
3. I am a bit confused by the multivariate analysis. Table 2 appears to include the variables "Any time playing on artificial turf" and "Any time playing on clay". These variables were not mentioned in the methods or descriptive Table 1 and are not listed in the predictor's names column in Table 2 . You also haven't said if you adjusted for these variables in the multivariate analysis. Please change the paper to address these issues. 4. Fitting different modes for each surface doesn't seem correct to me. In the artificial turf analysis, you adjust for both "any time on artificial turf" and "time on artificial turf" (and the same with clay)? I do not recommend adjusting for both variables simultaneously because they are measuring similar effects and it is unlikely you will get an accurate measure. Instead, I would suggest you fit one model which includes "Any time playing on artificial turf" and "Any time playing on clay" and not time spent playing on each surface. The second multivariate model should include "Time playing on artificial turf" and "Time playing on clay" and not any time playing on either surface. I think you will get a more accurate adjustment to assess the association between artificial turf and MT-5 if you adjust for playing on clay. Maybe you could report the results from the first model in Table 2 and the second model in Figure 2 . Figure  2 currently seems a bit redundant because all the information is in Table 2 . 5. At the top of page 10, please state which parametric and nonparametric test were used. 6. Last sentence on page 11, please change univariate to summary, to avoid confusion. 7. Please be consistent with decimal places, usually its 3 d.p. for p-values and 2 d.p. for all other numbers. 8. In Table 1 , please change % (n) to n (%). 9. Table 2 title, please change the title to something like "Univariate and muitivariate logistic regression analysis to investigate risk factors for MT-5". 10. End of page 14, OR and CI reported at the end of page does not appear in Table 2 . 11. I suggest changing the way you report OR and 95% CI in the text to "OR 0.25 (95% CI 0.13-1.60), a bit clearer. 12. I recommend adding a few limitations to the discussion section, which I have discussed in detail above: small number of players with MT-5 and unable to infer causality. 13. Figure 2 , please report y-axis on log scale and what is being reported (including units) on the x-axis.
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1
We revised them as suggested.
(Response)
We revised the figure as suggested.
We revised the discussion section and added the text regarding the prospective analysis of the professional players on artificial turf.
Major Concerns -The methods section states that the participants were age ranging 12 to 51 years old. Were the older people still competing? And did all the younger players had at least a two year playing history?
We included 25 athletes who were over 40 years old. They play football at least 3-4 times a week. Therefore, we considered them as competitive.
The average football experience in the present study was 11.58, and all the player had at least two years' experience.
-The questionnaire, as pointed out by the authors in the limitation section, could have generated a recall bias, this because each participant had to remember for each pitch, which turf he had played on in the last two years. On average a professional player in japan (j1) will play on 17 different pitches a year besides international matches, friendly games and training sessions, and this could have lead to a significant error in the hour retrieval. Since the main results are based on the frequency of different playing surfaces i would recommend to further attention such aspect in the manuscript.
(Response)
Regarding the professional players, they changed pitches for matches as the reviewer mentioned. We further added information regarding the playing categories and playing time in the table 2.
For young players, the survey was conducted supervised by the coaches, which could reduce the individual's recall bias.
We included the frequency of the playing field in the GEE model to control the bias.
-The BIAS control using a post questionnaire after a month with 50 participants is based on the procedure indicated in reference 17. The authors of ref 17 however based such procedure on two master thesis from the same research group. Is there any other validated procedure that could be used to control for recall bias ?
（Response） The sample size of 50 for test-retest reliability are considered good, according to the COSMIN guideline checklist. We agree that semi-professional or professional players were likely to have a history of a MT-5. However, we did not find any history of the fracture probably due to the small sample of athletes sampled at these levels (57 semi-professional and nine professional athletes).
-Didn't the questionnaire assess other injuries that could have been linked with MT5? e.g., correlations between a strain on the hamstrings ( that could lead to dysfunctions of the peroneal muscles) and the overuse of the fifth metatarsal bone?
As far as we know, the evidence of injuries that could have been linked with MT5 have yet been determined. In the study, we assess injuries which need more than two weeks to recover and referred as moderate injury. As shown in table 1, we did not find any difference between the two groups.
- Table 3 , if my interpretation is correct, MT5 occurs when people play on artificial turf more than 80% of time whereas MT5 is more prevalent on clay field when they play there the least (21-40%). This would suggest other conclusion.
We think that playing on clay field is at low risk for the MT5, whereas playing on the artificial grass are at high risk. This interpretation was described in the conclusion section.
Reviewer: 2 General Comments
It seems that the authors have access to players' exposure in playing hours. Therefore, I suggest that they consider using incidence rate ratios to evaluate the risk of injury. There are many limitations in using the proportion of time exposed to a specific playing surface. For example, two players with the same characteristics (ex.: age, sex, BMI, level of play…) could play 20% of the time on the same surface. But, the number of hours of exposure to this surface could be significantly different between these two players. This makes the interpretation of the results difficult.
(Response)
We agree with that we need to control time exposure on the surfaces. We used Generalized estimating equations (GEE) model to control the issue and a variable of playing hours per year was used for clustering in the GEE model.
The 24 months recall period is also an important limitation. The authors should be more convincing on the validity of their data. In their analyses, the authors controlled for many possible confounding variables. This is a strength of their study. But, it is not clear to me if the history of previous injury was controlled for in the analyses.
We assessed previous injuries, which need more than two weeks to recover and referred as a moderate injury in the table 1. Since we did not find any difference between the 2 groups, we did not include the moderate injury in the model. It is also not clear to me which method they used to account for potential team clustering of outcomes. I suggest they consider using Generalized Estimating Equations. This would improve the strength the data analyses.
We agree with your suggestion, and we changed the method in which we used a logistic regression model for univariate analysis and the GEE model for the multivariate analysis.
Specific Comments
For the North American readers as myself, if it is possible, I suggest to state somewhere early in the text that the sport of interest here is football, as soccer. It could just be by adding soccer between parentheses after football once in the text. Just to reduce possible confusion.
(Response)
Abstract-Results: I suggest including the CIs. (Response)
We included CIs as suggested p.6, lines 43-44 -"indoors" is not a surface. I suggest to re-formulate. We revised the text to "the players were supervised by team coaches, physicians and/or physiotherapists to complete the survey" p.8, lines 24-27 -I do not see the link between the type of surface and the information on the subjects.
(Response)
We created a table showing the information linking subjects and the type of surface (Table 2) p.8, line 29 -More information is needed on the operational definition of "medical diagnosis".
We revised the text to "the MT-5 without diagnosed by physicians" p.9, lines 18-26 -The test-retest procedure of the questionnaire is accurate. But, were the psychometric properties of the questionnaire also analysed? They should be reported.
（Response）
We did not analyze the full psychometric properties according to the COSMIN guideline. However, we further assessed the internal consistency by Cronbach alpha, and it was 0.71, which is considered acceptable p.9, lines 32-38 -The authors do not report accurately the definition of injury severity suggested by Fuller et al. (ref. 18) . It should be corrected.
(Response)
We revised the sentence to "Injury severity was defined as the number of days which have elapsed between the date of injury and the date of the return to full participation in team training as suggested before16. We defined the moderate and severe injuries as acute or overuse football-related injuries resulting in a >15 days absence from the normal training session."
Moreover, there is a mistake in the wording of the reference in the list of references "… Football (Soccer)…". We added the reference in the discussion section "Since injury surveillance is known to capture a small percentage of the overuse problems, it is possible that no study has demonstrated the association between MT-5 and playing on artificial turf without targeting specific injury." p.10, lines 37-40 -The approbation number of the ethics committee should be reported. The city and country of the university should also be added.
（Response）
We added the approbation number, city, and country. We revised it to "40 football clubs."
pp.20-21 -When discussing the potential biases of the study, I suggest that the authors give more information on how these biases could affect the results.
(Response)
We revised it as below. "However, other potential confounders such as calcium and vitamin D intake also may have affected the results. Low 25-hydroxy vitamin D levels were reported to be associated with the high incidence of the stress fractures. Therefore, insufficient vitamin D levels could increase the incidence of the MT-5." p.21, line 35 -… other potential confounders… I suggest the authors present some examples of these potential confounders.
We added examples of potential confounder in the text "However, other potential confounders such as calcium and vitamin D intake also may have affected the results."
Reviewer: 3
Because you measured both risk factors and MT-5 during the same 24 months, you cannot infer causality from your findings. Some of these players may have had a fracture at the beginning of the 24 months which affects how they play football. The players with fracture should have information recorded before the fracture. If you can not obtain this information, then you should change the way you report your results to say there is an association, but we can't say which direction.
We agree that some of the players may have had a fracture at the beginning of the study and that affect how they play football. We recorded who have had the history of the fracture as table 1 and used the information for controlling the confounder in the GEE model (Table 3) .
Please explain in the methods section why you only included MT-5 in the previous 24 months. It seems a shame to restrict the time because only 87 participants had a history of MT-5 and you are only including 41 of those in your analysis. I assume you included the 46 with MT-5 longer than 24 months in the non-MY-5 group. Is it reasonable to assume they have the same risk as the non-MT5 group? After having a fracture, players may choose to be more cautious and play on grass instead of clay.
We included participants who had MT-5 in 2 years to minimize their recall bias. Regarding the type of surface which participants played, we think that two year was maximum to record/remember and longer than two years could drive their recall bias.
We agree with your opinion that a player who had a history of MT-5 may choose to be more cautious. To control the bias, we included a variable whether they had a history of the MT-5 and we think it could reduce the bias.
3.
I am a bit confused by the multivariate analysis. Table 2 appears to include the variables "Any time playing on artificial turf" and "Any time playing on clay". These variables were not mentioned in the methods or descriptive Table 1 and are not listed in the predictor's names column in Table 2 . You also haven't said if you adjusted for these variables in the multivariate analysis. Please change the paper to address these issues.
(Response)
We only include "time on artificial turf/ all turf" as an independent variable and did not include "any time playing on artificial turf". In this study, the data of any time playing on artificial turf was not available because no athletes did not use artificial turf.
4.
Fitting different modes for each surface doesn't seem correct to me. In the artificial turf analysis, you adjust for both "any time on artificial turf" and "time on artificial turf" (and the same with clay)? I do not recommend adjusting for both variables simultaneously because they are measuring similar effects and it is unlikely you will get an accurate measure. Instead, I would suggest you fit one model which includes "Any time playing on artificial turf" and "Any time playing on clay" and not time spent playing on each surface. The second multivariate model should include "Time playing on artificial turf" and "Time playing on clay" and not any time playing on either surface. I think you will get a more accurate adjustment to assess the association between artificial turf and MT-5 if you adjust for playing on clay. Maybe you could report the results from the first model in Table 2 and the second model in Figure 2 . Figure 2 currently seems a bit redundant because all the information is in Table 2 .
We agree with that similar variable should not include in the same model. As mentioned above, we used only the variable of "time on artificial turf," and we did not include "any time on artificial turf" and "time on artificial turf" simultaneously.
In the present study, the data of "any time playing on artificial turf" was not available as mention above.
We agree that the Figure 2 is a bit redundant. However the reviewer 1 suggests to put further information in the Figure 2 . So we would like to include Figure 2 regardless a bit redundant.
5.
At the top of page 10, please state which parametric and non-parametric test was used.
We revised the text because all the variables were normally distributed calculated by the Shapiro-Wilk test.
6. Last sentence on page 11, please change univariate to summary, to avoid confusion.
We revised the text as suggested.
7.
Please be consistent with decimal places, usually its 3 d.p. for p-values and 2 d.p. for all other numbers.
We changed as suggested.
8.
In Table 1 , please change % (n) to n (%).
9. We change the title as suggested.
10.
End of page 14, OR and CI reported at the end of page does not appear in Table 2 .
We revised it.
11. I suggest changing the way you report OR and 95% CI in the text to "OR 0.25 (95% CI 0.13-1.60), a bit clearer.
We revised them 12.
I recommend adding a few limitations to the discussion section, which I have discussed in detail above: small number of players with MT-5 and unable to infer causality.
(Response)
We agree with that we are unable to infer the causality of the MT-5. We revised discussion as suggested.
We further added a limitation stating a small number of players with MT-5 in the discussion section as follows, "Thirdly, due to the low incidence of the fracture, we enrolled only 41 athletes who had a MT-5 during the period. In the table 3, the small p-values but statistically significant were NOT observed when playing on the clay field 41-60% of the total playing time (p=0.062) and more than 81% of the total playing time (p=0.084). The larger sample size of the MT-5 may change the statistical significance."
13.
Figure 2, please report y-axis on log scale and what is being reported (including units) on the x-axis.
We changed the figure 2 and added % on the x-axis. 
VERSION 2 -REVIEW
REVIEWER
GENERAL COMMENTS
A few points need to be explained more clearly in the statistical analysis section on page 10. First, you have defined playing time on artificial/clay turf in two ways: any playing time (yes/no) and categorical times. Secondly, please add the units you use for categorical times? Units should be added to methods, Table 3 and Figure 2 . Also, please say that you fit separate multivariate models for binary and categorical playing times and for each playing surface (4 different multivariate models). Finally, please explain why you use generalised estimating equations for the multivariate analysis and why didn't you use GEEs for the univariate analysis?
VERSION 2 -AUTHOR RESPONSE
Please leave your comments for the authors below
The authors have addressed all the previous concerns and significantly improved the manuscript.
There are however some minor concerns regarding the language (wording and typo errors) that need to be addressed throughout the manuscript (Response)
We revised the texts as pointed out.
Please leave your comments for the authors below A few points need to be explained more clearly in the statistical analysis section on page 10. First, you have defined playing time on artificial/clay turf in two ways: any playing time (yes/no) and categorical times.
As the reviewer suggested, we defined the playing time in two ways. One is categorized 5 groups as shown in the table and included in the model as categorical variables. For another one, we included the playing time in the model as continuous variables. As the reviewer's suggested we revised the statistical analysis section.
Secondly, please add the units you use for categorical times? Units should be added to methods, Table 3 and Figure 2 . Also, please say that you fit separate multivariate models for binary and categorical playing times and for each playing surface (4 different multivariate models).
We revised the text in the statistical analyses section as suggested.
Finally, please explain why you use generalised estimating equations for the multivariate analysis and why didn't you use GEEs for the univariate analysis?
We added text in the statistical analyses section as suggested. 
VERSION 3 -REVIEW REVIEWER
